Abstract. Irinotecan (CPT-11) is a key therapeutic drug used in the treatment of colorectal cancer, although acquired or constitutive resistance to CPT-11 (and its activated metabolite SN-38) can lead to tumor progression. Since the acquisition of drug resistance can result from DNA hypermethylation, the antitumor activity of CPT-11 and SN-38 was assessed in combination with a known DNA methyltransferase inhibitor, 5-aza-2'-deoxycytidine, also known as decitabine (DAC). DAC potentiated the antitumor activity of CPT-11 additively, and that of SN-38 synergistically, as measured by colony formation in the human colorectal cancer HCT116 cell line. No DAC potentiation of these antitumor effects was observed with another human colorectal cancer HT29 cell line. Anti-apoptotic B-cell lymphoma-2 (Bcl-2) protein expression was reduced to 50-67% of the control following a single treatment with CPT-11, SN-38, or DAC, and was markedly reduced to 7-8% following the combination of CPT-11/SN-38 with DAC. By contrast, Bcl-2 protein expression was barely detected in HT29. Wilms' tumor protein (WT1), which has been shown to be a positive regulator of Bcl-2 in HCT116 cells through WT1-kncokdown experiments, was downregulated in HCT116 and HT29 cells when treated with CPT-11/SN-38 combined with DAC, with decreases greater than any single administration of CPT-11, SN-38, or DAC. The extent of CPT-11/SN-38 potentiation by DAC may depend on Bcl-2 expression levels in human colorectal cancer cells.
Introduction
The International Agency for Research on Cancer (IARC) has reported in recent years that colorectal cancer (CRC) is the 3rd most common cancer type based on the number of cancer cases worldwide. According to the estimates of world cancer incidence rates, the number of CRC cases was ~1,360,000 (9.7% in total) for the two sexes (1) . Chemotherapy is an important treatment strategy for CRC, and one of the key chemotherapeutic drugs for treating metastatic CRC is irinotecan (CPT-11). CPT-11, which is the standard drug for treatment of CRC, can be converted by carboxylesterase to the active metabolite SN-38, which has even greater antitumor activity, inhibiting DNA topoisomerase I through the formation of stable topoisomerase I-DNA cleavable complexes (2) (3) (4) . The resulting DNA damage can lead to cell cycle arrest and/or cell death by apoptosis (5). However, acquired or constitutive resistance to SN-38 does occur, allowing for tumor progression (6) .
One cause of tumor initiation, progression, and drug resistance acquisition is aberrant DNA hypermethylation. In tumors, DNA hypermethylation mediates epigenetic changes that silence gene expression without altering nucleotide sequences. 5-Aza-2'-deoxycytidine (DAC) is a DNA methyltransferase (DNMT) inhibitor, a DNA demethylating agent, and a cell cycle-arresting agent (7) (8) (9) . Preliminary studies have been conducted on the combined use of DNMT inhibitors with existing antitumor agents (10) (11) (12) . Accordingly, a preliminary experiment was conducted on a combination of a specific antitumor agents, including CPT-11, SN-38 or 5-FU with one of several epigenetic modifiers including DAC in two different human CRC cell lines; HCT116 and HT29 (13) . Marked enhancement of the antitumor activities of CPT-11 or SN-38 with DAC was observed in HCT116 cells, but not in HT29 cells. The potentiation of CPT-11/SN-38 by DAC was associated with decreased expression of the B-cell lymphoma-2 (Bcl-2) protein. The Bcl-2 family includes anti-apoptotic (e.g., Bcl-2 and Bcl-extra large) and pro-apoptotic (e.g., Bcl-associated X and Bcl-2 homologous antagonist killer) proteins, which serve a crucial role in mitochondria-driven cell death (14) . In addition, previous reports have shown that Bcl-2 can inhibit the apoptosis induced by chemotherapeutic agents (15) (16) (17) .
Wilms' tumor protein (WT1) was originally identified as a tumor suppressor gene mapping to the chromosome 11p13 locus (18) . The WT1 gene product is a transcription factor with a proline-glutamine rich domain at the N-terminus and a zinc finger domain at the C-terminus. (20, 21) . The WT1 gene was also overexpressed in multiple types of solid tumor and primary human leukemia (12, (22) (23) (24) (25) (26) , and high expression levels of WT1 mRNA were associated with poor prognosis in leukemia and breast cancer (22, 27) .
Mayo et al (21) revealed that the stable expression of the WT1-B isoform resulted in elevated endogenous Bcl-2 protein in rhabdoid cells. However, roles for WT1 and Bcl-2 in the DAC-mediated potentiation of CPT-11/SN-38 antitumor activity have not been elucidated in human CRC cells.
The present study aimed to clarify the association between this potentiation of antitumor activity and the WT1-Bcl-2 pathway by RNA interference-mediated knockdown of WT1 using the human CRC cell lines, HCT116 and HT29.
Materials and methods
Cell lines and culture conditions. Human colon carcinoma HCT116 (No. CCL-247) and human colon adenocarcinoma HT29 (No. HTB-38) cell lines were obtained from DS Pharma Biomedical Co., Ltd. (Osaka, Japan). These cell lines were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; Hyclone; GE Healthcare Life Sciences, Logan, UT, USA) and 1% antibiotic-antimycotic (Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in a 5% CO 2 incubator.
Regents. CPT-11 was purchased from Toronto Research Chemicals, Inc. (Toronto, ON, Canada) and SN-38 was purchased from Tocris Bioscience (Bristol, UK). CPT-11 and SN-38 were dissolved in dimethyl sulfoxide and stored at -30˚C. DAC was obtained from Sigma-Aldrich; Merck KGaA (Darmstadt, Germany), dissolved in Milli-Q water (Direct-Q UV; Merck KGaA), and stored at -30˚C.
Drug exposure. For each experiment, HCT116 and HT29 cells were exposed for 10 days to either vehicle alone (control), CPT-11 alone, SN-38 alone, DAC alone, CPT-11 plus DAC, or SN-38 plus DAC. The drug concentrations used for the colony-forming assay were 62.5, 125, 250 or 500 nM CPT-11; 0.35, 0.5, 0.7 or 1.0 nM SN-38; and 31.25 nM DAC in HCT116 cells. For HT29 cells, the drug concentrations were 0.5 or 1.0 µM CPT-11; 1.0 or 2.5 nM SN-38; and 75 or 100 nM DAC. In western blot analysis and RNA interference assays utilizing HCT116 cells, the concentrations used were 500 nM CPT-11, 1.0 nM SN-38, and 31.25 nM DAC; the concentrations used for HT29 cells were 500 nM CPT-11, 1.0 nM SN-38, and 75 nM DAC.
Colony-forming assay. HCT116 and HT29 cells were plated at a density of 20,000 and 5,000 cells per 60-mm dish, respectively. Following incubation with each drug for 10 days, the colonies were stained with 0.04% crystal violet overnight at room temperature and scored. The scored colonies contained more than 50 cells for HCT116 and 30 cells for HT29.
Analysis of drug combination effects.
Isobologram analysis was performed using CompuSyn software version 1.0 (ComboSyn, Inc., Paramus, NJ, USA), which enabled the calculation of a combination index (CI) according to the Chou-Talalay CI-Isoblogram theory (28) . To assess the combination effects of CPT-11 or SN-38 with DAC, colony-forming assay data were converted to a fraction of growth inhibition by each drug alone or by the drug combinations as compared with control cells. There are two methods of CompuSyn software analyses: constant ratio and non-constant ratio analyses. A constant ratio requires the ratio of CPT-11 and DAC concentrations in combination experiments to be constant e.g., 500 nM CPT-11 and 31.25 nM DAC or 250 nM CPT-11 and 15.625 nM DAC etc., where CPT-11 concentration is consistently 16-fold higher than that of DAC, and constant throughout a series of combination experiments. However, in the experimental conditions of the present study, drug concentrations were either 125, 250, or 500 nM CPT-11, with 3.9 nM DAC; 125, 250, or 500 nM CPT-11, with 7.8 nM DAC; 125, 250, or 500 nM CPT-11, with 15.625 nM DAC; 125, 250, or 500 nM CPT-11, with 31.25 nM DAC. Furthermore, for SN-38 and DAC in the present study, the drug concentrations were as follows: Drug concentrations were either 0.35, 0.5, 0.7 or 1.0 nM SN-38, plus 3.9 nM DAC; 0.35, 0.5, 0.7 or 1.0 nM SN-38, plus 7.8 nM DAC; 0.35, 0.5, 0.7 or 1.0 nM SN-38, plus 15.625 nM DAC; 0.35, 0.5, 0.7 or 1.0 nM SN-38, plus 31.25 nM DAC. Therefore, drug concentration ratios for the present study were non-constant. CompuSyn automatically created a normalized isobologram by a non-constant ratio analysis (29) . The combination index, CI, is theoretically calculated by CompuSyn software according to Equation 1.
(Equation 1), where (Dx) 1 , and (Dx) 2 are characteristic parameters for either CPT-11 or SN-38, and DAC, respectively, and fa, a fraction of growth inhibition (i.e., 1-colony formation rate). By the median-effect plot (28, 29) , log (Dm) 1 , and 1/m 1 were computationally calculated using various concentrations [i.e., (D) 1 ] of DAC in single drug treatments. Similarly, log (Dm) 2 , and 1/m 2 were computationally calculated using various concentrations [i.e., (D) 2 ] of CPT-11 or SN-38. Furthermore, in combination experiments, CI values were computationally calculated using drug concentrations that were used for combination experiments i.e., concentration of DAC, (D) 1 , and concentration of CPT-11 or SN-38 (D) 2 , and experimentally observed fa. (Dm) 1 , m 1 , (Dm) 2 , and m 2 , are constants obtained from single drug treatment experiments. Normalized isobolograms, whose X-axis was (D) 1 /(Dx) 1 , and Y-axis was (D) 2 /(Dx) 2 were created.
Western blotting. HCT116 and HT29 cells were cultured for 6 days following initiation of the drug treatment and solubilized in radioimmunoprecipitation assay buffer (50 mM Tris-HCl, 150 mM NaCl, 0.5% deoxycholate, 1% NP-40 and 0.1% SDS). The protein samples were separated by 10% SDS-PAGE (equal amounts of total protein, 20 µg per lane) and transferred onto PVDF membranes. Protein concentrations of the samples were quantified by Bradford assay using Bio-Rad Protein Assay Dye Reagent Concentrate (catalog no. #5000006, Bio-Rad Laboratories, Inc., Hercules, CA, USA). The membranes were blocked with Blocking One (Nacalai, Kyoto, Japan) at room temperature for 90 min and rinsed with TBS-T (Tris-buffered saline with 0.1% Tween-20). The membranes were then incubated overnight at 4˚C with primary antibodies for Bcl-2 (1:500 dilution, kindly provided by Professor Chihaya Maesawa of Iwate Medical University, Morioka, Japan), WT1 (1:200 dilution; cat. no. M3561, Clone 6F-H2; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA), or β-actin (1:1,000 dilution; cat. no. A1978, Sigma-Aldrich; Merck KGaA) in Can Get Signal Solution 1 (Toyobo Life Science, Osaka, Japan). The blots were incubated for 90 min with horseradish peroxidase-conjugated mouse-IgG secondary antibody (1:1,000 dilution; cat. no. 616529; Invitrogen; Thermo Fisher Scientific, Inc.) in Can Get Signal Solution 2 (Toyobo Life Science) at room temperature for 2 h. The blots were then washed with TBS-T and visualized with a ChemiDox™ XRS+ with Image Lab™ software version 4.0 (Bio-Rad Laboratories, Inc.) following incubation with a chemiluminescent reaction using Clarify™ Western ECL substrate (Bio-Rad Laboratories, Inc.). Following detection, the protein band intensity was quantified using ImageJ software version 1.48 (National Institutes of Health, Bethesda, MD, USA).
RNA interference. Small interfering RNA (siRNA) was used to downregulate WT1 gene expression in HCT116 cells by transfection of RNA oligonucleotides with Lipofectamine™ RNAiMAX (Invitrogen; Thermo Fisher Scientific, Inc.). siRNA sequences were constructed to target human WT1 mRNA (Sequences 5'-3', forward: CCA AAG GAG ACA UAC AGG UGU GAA A; and reverse: UUU CAC ACC UGU AUG UCU CCU UUG G: catalog no. HSS111390; Invitrogen; Thermo Fisher Scientific, Inc.), and control siRNAs were designed by scrambling those nucleotide sequences. Control siRNAs were not homologous to any other gene (MISSION ® siRNA Universal Negative Control #1, SIC001-10; Sigma-Aldrich; Merck KGaA). The cells were plated in 3 ml of DMEM (100,000 cells per ml) on a 60-mm dish with or without a 100 nM (final concentration) siRNA mixture in the presence of 10 µl Lipofectamine. At 12 and 24 h following the addition of WT1-targetting siRNA to the cells, the WT1 and Bcl-2 protein expression levels were analyzed by western blotting. Following detection, the protein band intensity was quantified using ImageJ software version 1.48.
Statistical analysis. Data on each colony formation rate of drug-treated HCT116 cells were expressed as the mean ± standard deviation. Data were compared between CPT-11 or SN-38 alone and in combination with DAC using Student's t-test. In the same way, data on each colony formation rate of drug-treated HT29 cells were expressed as the mean and SD, and compared between each anticancer drug alone and combination with DAC using one-way analysis of variance (ANOVA) followed by Tukey's test. Data on the protein expression level of Bcl-2 and WT1 in the various drug-treated cells were compared between control, CPT-11 or SN-38 alone, and combination with DAC treatments by one-way ANOVA followed by Dunnett's test. P<0.05 was considered to indicate a statistically significant difference.
Results

Enhancement of antitumor activity of CPT-11 and SN-38 by DAC in HCT116 cells.
The antitumor effects of CPT-11 and its active metabolite SN-38 were investigated with the potential enhancer DAC in the HCT116 and HT29 human CRC cell lines by assessing colony formation. As depicted in Fig. 1A and B, concentration-dependent antitumor activity of CPT-11 (62.5-500 nM) and SN-38 (0.35-1.0 nM) was observed. DAC (31.25 nM) exhibited a tendency to potentiate the antitumor activity of CPT-11 (not statistically significant; Fig. 1A ) and SN-38 (with statistical significance (P<0.05) at 1.0 nM, Fig. 1B ) in HCT116 cells. CPT-11 suppressed colony formation to 91.6% at 62.5 nM, to 81.6% at 125 nM, to 56.7% at 250 nM, and to 28.7% at 500 nM in the absence of CPT-11. On the other hand, the presence of DAC and CPT-11 suppressed colony formation to 75.5% at 62.5 nM, to 63.7% 125 nM, to 40.8% 250 nM and to 14.1% at 500 nM. SN-38 suppressed colony formation to 84.8% at 0.35 nM, to 76.6% at 0.5 nM, to 56.0% at 0.7 nM, and to 33.1% and 1.0 nM without DAC. The presence of DAC plus SN-38 suppressed colony formation to 60.9% at 0.35 nM, to 53.7% at 0.5 nM, to 36.4% at 0.7 nM, and to 15.6% at 1.0 nM. The antitumor effect elicited by the combination of 1.0 nM SN-38 and 31.25 nM DAC was stronger than that at 1.0 nM SN-38 alone with statistical significance (P<0.05). Treatment with DAC alone only slightly inhibited colony formation in HCT116 cells, with no statistical significance observed (Fig. 1A and B) . By contrast, HT29 cells were ~2-fold less sensitive to CPT-11 (0.5-1.0 µM) and 2.5-fold less sensitive to SN-38 (1.0-2.5 nM) than HCT116 cells (Fig. 1C and D) . In the absence of DAC, CPT-11 suppressed colony formation to 78.0% at 0.5 µM and to 24.6% at 1 mM, whereas SN-38 suppressed colony formation to 85.0% at 1.0 nM and to 33.1% at 2.5 nM. In combination with DAC, no enhancement of antitumor activity was observed for either CPT-11 or SN-38 (Fig. 1C and D) . and DAC in HCT116 cells. Fig. 1 demonstrates that the antitumor activity of CPT-11 and SN-38 was enhanced by DAC in HCT116 cells. These data indicate that CPT-11 or SN-38 combined with DAC might synergize to inhibit cell survival. To examine synergism, the enhancement of CPT-11-and SN-38-mediated antitumor activity was analyzed in the presence of various concentrations of DAC by creating isobolograms with CompuSyn software. Using this isobologram type, the combined effects of the two drugs were summarized as follows: CI values <1.0 (points in the lower left), =1.0 (points on the hypotenuse) and >1.0 (points in the upper right) respectively indicated synergistic, additive and antagonistic effects (28, 29) . The combination of CPT-11 and DAC was mostly additive when evaluated using isobolograms ( Fig. 2A) . The normalized isobologram for the combination of SN-38 and DAC demonstrates synergism of the antitumor activity (Fig. 2B) . The ranges of concentrations exhibiting synergism were 0.35-1.0 nM for SN-38 and 3.9-7.8 nM for DAC.
Synergistic antitumor activity induced by
Protein expression levels of Bcl-2 in HCT116 cells and HT29 cells treated with CPT-11, SN-38, and DAC, alone and in combination.
Several lines of evidence have indicated that intracellular Bcl-2 protein levels are associated with the resistance of cancer cells to CPT-11 and SN-38 (30, 31) . These previous studies indicated that Bcl-2 expression is associated with cancer cell sensitivities to anticancer drugs. Therefore, the expression of Bcl-2 protein in HCT116 and HT29 cells was examined. Fig. 3A and B depict Bcl-2 protein expression in HCT116 cells. Bcl-2 protein levels were marginally downregulated in cells exposed to 0.5 µM CPT-11, 1.0 nM SN-38 and 31.25 nM DAC. Combination treatment of 31.25 nM DAC with either 0.5 µM CPT-11 or 1.0 nM SN-38 resulted in Bcl-2 protein levels that were almost under the limit of detection. Protein band intensity was determined using by ImageJ software following normalization to β-actin. Bcl-2 protein expression levels were suppressed to 62.7% with CPT-11 alone, 66.7% with SN-38 alone, 50.0% with DAC alone, 7.8% with CPT-11 plus DAC, and 6.9% with SN-38 plus DAC, when compared with control samples (Fig. 3B) . The combination of DAC and either CPT-11 or SN-38 most strongly inhibited colony formation by HCT116 cells, an observation consistent with previous work demonstrating that cancer cell resistance to CPT-11 was associated with Bcl-2 overexpression in the human lung cancer cell SBC-3/Bcl-2 subline and the human leukemia cell multidrug resistant HL-60-Vinc subline (30, 31) . Changes in Bcl-2 protein expression in HT29 cells were also examined following exposure to the drugs, where no DAC-mediated potentiation of CPT-11/SN-38 antitumor activity was observed. Bcl-2 protein levels in the HT29 cells were under the limit of detection, at least 10 times lower than those in the HCT116 cells (Fig. 3C ). Under these conditions, possible changes in Bcl-2 protein expression for cells treated with CPT-11, SN-38, DAC, CPT-11 with DAC, and SN-38 with DAC were not detectable.
WT1 protein expression levels in two CRC cell lines treated with CPT-11, SN-38 and DAC, alone and in combination.
WT1 was reported to reverse antitumor drug-induced apoptosis by transcriptionally upregulating Bcl-2 (21) . The expression of the WT1 protein was examined in HCT116 and HT29 cells. Fig. 4A indicates that the WT1 protein was marginally downregulated in the HCT116 cells exposed to 0.5 µM CPT-11, 1.0 nM SN-38, and 31.25 nM DAC. Most evidently, the combination of 31.25 nM DAC and either 0.5 µM CPT-11 or 1.0 nM SN-38 resulted in WT1 protein levels that were as low as the limit of detection. The WT1 protein levels were decreased, as estimated by ImageJ software following normalization to β-actin. WT1 expression was suppressed to 79.2% at 0.5 µM CPT-11, 71.1% at 1.0 nM SN-38, 62.9% at 31.25 nM DAC, 14.0% with CPT-11 plus DAC, and 8.0% with SN-38 plus DAC (Fig. 4A and B) .
These downregulation profiles of WT1 expression were quite similar to those of the Bcl-2 protein (Fig. 3A and B) . Low-level expression of Bcl-2 in HT29 cells led us to examine whether expression of WT1, a Bcl-2 regulator, was similarly low in HT29 cells. Notably, WT1 protein expression was observed at a level close to that observed in HCT116 cells. The expression level of WT1 decreased to 81.4% upon treatment with 0.5 µM CPT-11, to 67.2% upon treatment with 1.0 nM SN-38, 53.2% upon treatment with 75 nM DAC, 21.4% upon treatment with 0.5 µM CPT-11 and 75 nM DAC, and 13.1% upon treatment with 1.0 nM SN-38 and 75 nM DAC (Fig. 4C and D) .
Knockdown of WT1 suppressed Bcl-2 protein expression in HCT116 cells.
Since the association between WT1 and Bcl-2 in CRC cells remains unclear, a WT1-targeted siRNA was utilized to assess WT1 function in HCT116 cells. Knockdown of WT1 was confirmed at the protein level from 12 and 24 h following treatment with 100 nM siRNA, with 88.2% suppression of WT1 at 12 h as compared with non-transfected control and 88.8% suppression as compared with control (scrambled) siRNA-transfected cells. At 24 h, the extent of WT1 suppression was as low as 66.1% as compared to the non-transfected control, and as low as 71.2% as compared with the control siRNA-transfected cells (Fig. 5) . WT1 expression was markedly reduced within 12 h of the application of the WT1 siRNA and was rapidly restored by 24 h. Anti-apoptotic Bcl-2 protein levels at 12 and 24 h were also suppressed following the application of WT1 siRNA. Bcl-2 proteins were suppressed to 44.6% when compared with the non-transfected control and 55.8% when compared with the control siRNA-transfected cells at 12 h. At 24 h, the extent of Bcl-2 suppression was 62.3% when compared with the non-transfected control and 66.9% compared with the control siRNA-transfected group (Fig. 5) . These results clearly indicated that WT1 functions as a positive regulator of Bcl-2 in human CRC HCT116 cells.
Discussion
The present study revealed that two different human colon cancer cell lines, HCT116 and HT29, exhibited different profiles for the DAC-mediated potentiation of CPT-11/SN-38 antitumor activity, as measured by colony-formation assays. A statistically significant antitumor potentiation of CPT-11/SN-38 by DAC was demonstrated in HCT116 cells (Fig. 1A and B) ; however, no appreciable effect was observed by the same combination in HT29 cells (Fig. 1C and D) . HCT116 cells continuously exposed to various concentrations of CPT-11/SN-38 and 31.25 nM DAC for 10 days had a plating efficiency lower than that of the respective control cells, which were treated with CPT-11/SN-38 alone (Fig. 1A and ) in patients with myelodysplastic syndrome, performed in Japan (33) . The potentiation of CPT-11/SN-38 antitumor activity by DAC was also examined to identify possible synergism, according to the Chou-Talalay method utilizing the CI-Isoblogram theory (28) . The results of this analysis indicated that while a combination of CPT-11 and DAC was additive, a combination of SN-38 and DAC yielded synergistic effects in HCT116 cells.
Differences in the expression of proteins with pro-apoptotic or anti-apoptotic functions were examined in HCT116 and HT29 cells. Notably, the level of Bcl-2 protein, an apoptosis-suppressing factor, was markedly different in the two cell lines (Fig. 3A and C) . Bcl-2 protein expression was marginally downregulated by 37.3, 33.3, and 50.0% by the single-drug administrations of CPT-11, SN-38, and DAC, respectively. By contrast, Bcl-2 proteins were heavily downregulated in the drug combination groups with a 92.2% reduction induced by treatment with CPT-11 and DAC and a 93.1% reduction by treatment with SN-38 and DAC in HCT116 cells following a 6-day exposure (Fig. 3A) . By contrast, Bcl-2 protein levels in HT29 cells were barely detectable (Fig. 3C) .
WT1 was reported to function as a Bcl-2 transcriptional regulatory factor (20, 21) and is overexpressed in several solid tumors (12, (23) (24) (25) (26) . Preliminary studies reported that WT1 exists in four isoforms, each of which can regulate the Bcl-2 gene in a positive or a negative way, depending on the cancer cell type (20, 21) . The heterologous expression of WT1 in HeLa cells led to the repression of Bcl-2 promoters, demonstrating negative regulation of Bcl-2 by WT1 in HeLa cells (20 To understand the role of WT1 on Bcl-2 expression in a human CRC cell line, WT1 protein expression levels in HCT116 cells and associated changes in Bcl-2 protein levels were analyzed using a WT1-targeted siRNA. Downregulation of WT1 protein expression was observed at 12 h after the application of the WT1 siRNA, although protein expression was restored after 24 h. Bcl-2 protein expression was also examined at 12 and 24 h. While WT1 protein was forcibly downregulated to 11-12% by WT1-targeting siRNA at 12 h after the addition of the WT1 siRNA, Bcl-2 protein expression was downregulated to 45-56%. At 24 h after the WT1 siRNA addition, expressions of WT1 and Bcl-2 were restored to 66-71 and 62-67%, respectively. These results led to the conclusion that WT1 positively regulated Bcl-2 expression in the HCT116 human CRC cell line.
In experiments using HCT116 cells, an additive antitumor effect was observed when a combination of CPT-11 and DAC was used, whereas synergism was observed when a combination of SN-38 and DAC was used. By contrast, no such potentiation of antitumor activity was observed in the human CRC HT29 cell line. In HCT116 cells, it was demonstrated that WT1 acts as a positive Bcl-2 regulator. Expression of WT1 and Bcl-2 were markedly downregulated in cells exposed to a combination of CPT-11 or SN-38 with DAC, when compared with those in cells exposed to CPT-11, SN-38 or DAC alone. Given the low level of cytotoxicity observed in HCT116 cells with 31.25 nM DAC alone, it was notable that downregulation of WT1 and Bcl-2 was dependent on the presence of this non-cytotoxic concentration of DAC. Detailed molecular mechanisms for the DAC-mediated potentiation of CPT-11 or SN-38 cytotoxicity and the resultant downregulation of WT1 and Bcl-2 in HCT116 cells have not been elucidated. However, the HT29 cells, in which the expression level of Bcl-2 was much lower than that in HCT116 cells, failed to exhibit potentiation of the antitumor activity. We hypothesize that even though WT1 is expressed in HT29 cells, the low level of Bcl-2 expression might be insufficient for the potentiation of this activity, indicating a requirement for participation of the WT1-Bcl-2 pathway in this process.
In conclusion, the known DNA methyltransferase inhibitor DAC sensitized the human CRC HCT116 cell line to CPT-11 and SN-38, likely through the downregulation of the WT1-Bcl-2 pathway. The extent of the DAC-dependent sensitization may be associated with Bcl-2 expression levels in CRC cells, which is dependent on the characteristics of the individual carcinoma cells.
